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FACTORS INFLUENCING IRRIGATION IN HUMID AREAS 
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Tyler H. Quackenbush’ 


In order to maintain our leadership in the free world, we in the United States 
must maintain and use wisely the abundant natural resources with which this 
country was endowed. Probably the two most important of these resources are 
our soil and water, both of which are involved in irrigation agriculture. The 
productive ability of thousands of acres of our fertile land has already been 
destroyed or severely damaged through the misuse of irrigation water. We are 
now in the somewhat illogical position of constructing irrigation systems and 
developing new lands for irrigation, while at the same time we are abandoning 
acre after acre of formerly good fertile soil, for which adequate irrigation 
water is available but which is now unfit for cultivation due to the accumulation 
of alkali and the need for drainage. 

There are approximately 26,000,000 acres of irrigated land in the United 
States, involving a capital investment of $1,868,300,000. Yet the average effi- 
ciency of irrigation, from the time the water is diverted into the main canal 
until it is stored in the root zone of the plant, is only 25 percent. Yes, 75 per- 
cent is wasted through ditch losses, coupled with deep percolation and surface 
runoff on the farm. We cannot expect to hit 100 percent efficiency, but it is 
recognized by all the people concerned that there is certainly ample room for 
improvement. 

We are making progress towards the conservation of land and water in the 
irrigated areas of the West. Organized research is giving us many of the 
answers we need. This and an aggressive action prozram by the water users 
themselves are the basic elements in our program to improve irrigation prac- 
tices in the Western states. 

We certainly should take advantage of the known mistakes made Out West 
and make every effort to get started on the right foot here in the East. It is 
worthy of considerable effort on the part of all of us. It is much easier to in- 
struct a farmer who has never irrigated before on proper irrigation practices 
than it is to teach one who has been irrigating wrongly for many years. 

The latest Census report shows that we now number 157 million. The Bu- 
reau of the Census estimates that by 1975 the United States will have a popula- 
tion of 190 million. No one can tell for sure, of course, how accurate these 
estimates for the future will turn out to be, because the controlling social and 
economic factors involved do not lend themselves to precise slide rule calcula- 
tion. But by even the most conservative forecasts of our population’s growth, 
America’s agricultural capacity to produce must be increased substantially in 
the years ahead. Your job and mine in helping to expand and maintain agricul- 
ture’s capacity to produce presents a challenge worthy of our best talents. 

Irrigated agriculture in the eastern United States, if properly guided during 
its growth, offers one of the largest potentials available for increasing our pro- 
ductivity from the more or less fixed acreage of cropland and pasture land we 
have available, 


1. Irrigation Engineer, Soil Conservation Service, Washington, D. C., Paper 
presented to A.S.C.E., Atlanta, Ga., February 18, 1954. 
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The years of 1951, 1952, and 1953 have each produced widespread drouths 
throughout the so-called “humid areas” of the eastern United States. This fact, 
coupled with relatively high farm prices and the advent of lightweight portable 
pipe, has brought about a phenomena! growth in irrigation agriculture in this 
area, This expansion of irrigation from West to East certainly presents a 
number of problems of great interest to the engineer. These problems are 
worthy of recognition by such organizations as the American Society of Civil 
Engineers in order that they may contribute to the solution. 

The 1940 census showed a total irrigated acreage in the 31 Eastern states 
of approximately 600,000 acres. The 1950 census gives a figure of 1,516,000 
acres. This increase of 150 percent is all the more impressive because most 
of it occurred after the cessation of hostilities of World War II. It has been 
estimated by the Bureau of Agricultural Economics that the area being irri- 
gated with sprinklers in the Eastern states has increased by over 200,000 
acres since the 1950 census was taken. 

The Sprinkler Irrigation Association quotes the following figures on ship- 
ments of aluminum irrigation tubing, which are indicative of the rapid growth 
of sprinkler irrigation: In 1946 — 1,279,000 pounds, and in 1953 — 27,700,000 
pounds (estimated). 

Many of us are inclined to think only of sprinkler irrigation when we speak 
of irrigation in the humid areas. Sprinkler irrigation has played, and will 
continue to play, a very large part in the growth of irrigation agriculture in the 
East. However, we should not overlook the fact that nearly 1,360,000 acres 
are irrigated in the humid areas of Arkansas, Louisiana, and Florida, using 
gravity or surface methods — that is, methods in which the irrigation water 
flows over or is ponded on the surface of the ground. The irrigation of rice, 
which makes up a large part of this acreage, presents many problems to the 
engineer interested in the conservation of soil and water. Engineers working 
on irrigation should have a good knowledge of the limitations and advantages of 
both surface and sprinkler irrigation. I believe the ultimate solution is the 
proper use of both methods, using each where it is best adapted. 

One of the most critical problems confronting the engineer responsible for 
the design and installation of irrigation systems in the humid areas of the 
United States arises from the lack of sound basic data on which to base system 
design. It is unfortunate that irrigation research and the collection of basic 
information has failed to keep abreast of the phenomenal growth of irrigation 
agriculture here in the East. Some organized research has been started, but 
it will undoubtedly be some time before much usable information is made 
available to the engineer in the field. In the meantime, farmers are going to 
irrigate. And it is up to us as engineers to design and install their systems, 
based on the best information now available. 

Research and investigations to improve irrigation practices have been 
carried on for about 50 years in the Western states. Out of these studies and 
experience, we have learned some basic principles of irrigation that will apply 
here in the Eastern states as well as the West. The basic principles of irri- 
gation agriculture are generally the same, whether it be in a 50-inch or a 
5-inch rainfall belt. The primary difference is in water management due to 
the variation in rainfall. This presents a problem of adapting established 
procedures to a different set of conditions, in order to bridge the gap between 
the rapid installation of irrigation systems and the obtaining of results of local 
research. 

Some of the most urgent data needed by the field engineer for the preparation 
of a more adequate design in the humid areas are as follows: 
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1. Water Supply and Its Physical Control 


A dependable water supply is essential to any irrigation system. Streams, 
lakes and ponds, and wells are the primary sources of supply. The tendency 
of most farmers in the humid areas to underestimate the water supply neces- 
sary for proper irrigration has brought about many unfortunate cases, where 
large investments were made in irrigation systems only to find that the water 
supply was entirely inadequate for the proper functioning of the system. Where 
storage reservoirs are used, the field engineer is confronted with a very diffi- 
cult problem in estimating probable water yield. This applies particularly to 
small watersheds and small streams involved in the development of an indi- 
vidual farm irrigation system. Additional data on the availability of ground 
water would be useful in many areas. 

This problem of water supply is closely tied to water laws and water rights. 
There is much additional work indicated in order to clarify this situation for 
the prospective water user. 


2. Soil and Plant Moisture Relationships 


Irrigation agriculture involves three basic elements — water, soil and 
plants. The payoff is through the plants and the ultimate effort is directed to 
the establishment of conditions for optimum crop production. A knowledge of 
interrelationships between water, soil, and plants is therefore essential. The 
soils must be classified with respect to their intake rates and water-holding 
capacities. The effect of tillage practices and crop rotations on these charac- 
teristics must be learned. Plant response to soil-moisture stress must be 
established. We need more data on the relationships between moisture and 
fertilizers. Root-zone depths and moisture-extraction patterns are also needed 
for the various crops being irrigated. 


3. Irrigation Water Requirements 


Before a water supply can be provided, or the system for conveying it 
determined, the quantities of water required to meet crop requirements must 
be established. These requirements depend on many factors, such as con- 
sumptive use by the plant, irrigation efficiency, quality of water, and method 
of delivery. The water supply and the distribution system must be designed 
to satisfy both the seasonal and maximum-use-period requirements. 

Blaney and Criddle have developed a method for estimating irrigation water 
requirements. We have used this method in the humid areas with a reasonable 
degree of success. Since this procedure was originally developed for use in 
the West, however, it has been necessary to modify various factors. Additional 
field measurements of consumptive use and irrigation efficiencies are needed, 
especially insofar as the “peak consumptive use” figures are concerned. 


4. Method of Water Application 


The primary concern of the irrigation farmer is how to get his irrigation 
water into the storage space in the soil, It is a question of the physical appli- 
cation of the water. He must use a method which fits his crop, his soil, and 
his source of water — and in addition this method must satisfy the following 
criteria: 


1. Uniform distribution of water over the entire field and throughout the 
entire root zone. 
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2. Maximum efficiency of water use, which means minimum surface run- 
off, minimum deep percolation loss, and minimum evaporation. 

3. Minimum erosion. 

4. Minimum labor and pumping costs. 


5. Drainage 


Whenever irrigation is practiced there are certain excess water applications 
which are unavoidable. Drainage systems should be designed to handle excess 
rainfall plus surplus irrigation water. What are the basic requirements of 
drainage in areas where heavy rainfall may follow the application of irrigation 
water? To what degree should adequate drainage be a basic design factor for 
irrigation systems? 

When these questions are answered, the field engineer will have much more 
reliable information on which to base his design. But we should always keep 
in mind that, regardless of how good a design may be, the irrigation system 
will not operate successfully unless it is operated in accordance with the 
standards used in the original design. I have seen many well-designed sprin- 
kler irrigation systems fail to do the job because they were not operated prop- 
erly. We, as design engineers, should be fully conscious of this fact — that 
instructions in operation are essential to the success of a good design. 

The old and widely used methods of irrigating when the crop changes color, 
when the leaves show some wilt, or at so-called critical stages of growth, are 
not the complete answer to the proper operation of an irrigation system. The 
farmers must be shown that the procedures involved in successful irrigation 
are based primarily on the physical properties of the soil — its depth; its 
intake rate; its water-holding capacity — in addition to the growth character- 
istics of the plant. We, as engineers, must emphasize the fact that the soil 
will primarily determine the answer to the two questions, “When do I irrigate?” 
and “How much do I put on?” 

The present widely accepted concept of using irrigation as an “insurance” 
against drouth will in the long run do very little towards increasing crop pro- 
duction. Many farmers have operated on this basis and invariably they encoun- 
ter the old adage of “too little and too late”, The irrigation is started too late 
and, in order to cover the ground in a hurry, too little is applied. As a result, 
crops suffer and water is wasted. The yields have increased very little over 
normal yields without irrigation. Therefore, the dividends received from the 
investment in equipment, labor, and water supply are much smaller than the 
system is capable of producing. 

Successful irrigation farmers have already accepted the fact that irrigation 
farming certainly involves a lot more than the application of water when crops 
begin to wilt. It should be the last step in a complete water management pro- 
gram, which includes control of soil erosion} removal of excess water, and 
the conservation and utilization of rainfall. 

Studies conducted at Ithaca, New York, by the Department of Agriculture 
and the Cornell University Agricultural Experiment Station in 1950, 1951, and 
1952 ‘showed a greater forage yield on non-irrigated “high fertilization” plots 
than on irrigated “normal fertilization” plots. This is an indication that 
proper management alone could increase yields more than irrigation coupled 
with poor management, The results,of this study are shown in Table 1. 
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Table 1. Forage yields and amounts of rainfall and irrigation. 


1950 1951 


Number of days * 126 
Number of cuttings 


Forage yields (oven-dry basis) — 
pounds per day, per acre 


“Normal” fertilization — rain only 
— irrigated 
“High” fertilization — rain only 
— irrigated 
“Mixed” fertilization — rain only 
— irrigated 
Rainfall in inches 
Rainfall in inches per day 
Rainfall plus irrigation in inches 
Rainfall plus irrigation in inches per day 


Number of irrigations 


*From date of fertilizer application in Spring to date of cutting in September. 
In 1950, May 9 to September 11; 1951, May 17 to September 18; and in 
1952, April 25 to September 9. 


Does humid area irrigation pay? Recent tests conducted cooperatively at 
Lewisburg, Tenn. by the Department of Agriculture dairy scientist and the 
Tennessee Agricultural Experiment Station, say yes: 


“During the two years of the test, the irrigated half of the pasture averaged 
54 percent more milk production per acre and 38 percent more income 
above costs than the non-irrigated plot. This amounts to an increase in net 
return from the irrigated pasture average $115.53 per acre.” 


Studies on irrigation of pasture for beef cattle production conducted by the 
University of Illinois, say no: 


“During the five years of the tests, 6 irrigations were required annually 
and two inches of water were used for each one. Average annual costs for 
labor and gasoline were about $18.00 per acre. If the increase in gains 

is valued at 20 cents per 100 pounds, that would leave only $2.00 a year to 
cover such costs as depreciation and upkeep. But the depreciation on a 
$1,000 investment in equipment over a 10-year period at 3 percent com- 
pound interest would amount of about $27.00 an acre per year. With enough 
water, the same equipment could be used to irrigate four or five times as 
much land as the five acres included in these tests. That would reduce the 
fixed depreciation cost to about $6.00 an acre. But increased gains must 


be realized in order to pay the costs.” 
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1952 
7 8 
14.3 20.0 27.9 
18.7 27.0 42.0 
44.9 55.6 55.2 
| 48.4 60.6 61.6 
19.8 21.8 21.6 
22.9 22.0 32.6 
17.6 13.9 14.4 
0.14 0.11 0.10 
21.1 20.4 23.4 a 
.17 .16 17 
4 6 7 
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Such results are not necessarily conflicting after all of the factors involved 
are analyzed. But the tendency of many people to assume “that irrigation in 
humid areas does or does not pay” based on short-time results has been 
rather misleading and confusing to the prospective irrigator. 

Such experiments must be conducted over a period of years and be specifi- 
cally related to climate, soils, crops, and amounts and methods of applying 
irrigation water. It is logical to expect that varying results can and will be 
obtained from short-period studies, since the differences in yield over non- 
irrigated crops may be small during years of high rainfall. Crop quality may 
be the deciding factor in many instances. It is not difficult to anticipate a 
reduction in yield on poorly drained soils. Similar studies to those conducted 
at Illinois and at Lewisburg have already indicated some question concerning 
the feasibility of irrigating in humid areas unless adequate drainage is pro- 
vided. 

Generally speaking, the results of the many investigations that have been 
carried out and the results being obtained by the thousands of farmers who 
have invested in irrigation systems seem to indicate that humid-area irriga- 
tion, when properly done, does pay good dividends through increased yields 
and better crop quality. 

A serious obstacle in the path of future development of irrigation in the 
humid areas is the present status of the laws covering the use of water for 
irrigation. Nearly all of the Eastern states operate under the legal concept 
known as the riparian doctrine. According to this doctrine, every owner whose 
property touches a stream or lake has riparian rights. Riparian owners enjoy 
a right to have water flow by or through their lands undiminished in quantity 
except for use by up-stream owners for domestic purposes. 

Some states have adopted a modified riparian doctrine which permits the 
use of water for irrigation purposes, but even in most of these states there 
is no provision for rights of prior appropriation. A farmer who has been 
practicing irrigation for many years has no protection should his neighbors 
upstream follow his example and start to irrigate from the same water supply. 
Such action may deprive him of a large portion of his water supply, but under 
existing law he would not have established any priority in rights over these 
later users, 

Some states are giving serious consideration to the enactment of more 
adequate water laws to protect the irrigation farmer. South Carolina, I under- 
stand, has taken the lead in this field and has already passed a new water law 
that recognizes this problem of irrigation. Until this is done in all of the 
Eastern states, the farmer who invests in an irrigation system is taking 
definite risks. As Raleigh Barlowe of Michigan States College stated: 


“(1) He is not always sure he has the right to take water for irrigation. 

“(2) His operations may be stopped by injunction if his actions cause 
material damage to other riparian users. 

“(3) He may lose much of his investment if upper riparian owners decide 
to irrigate from his already limited supply.” 


The use of wells and the storage of surface water before it reaches a well 
defined stream, lake, or pondoffer a lesser risk in most states. In many states, 
the rule of “reasonable use” covers the use of underground waters and this 
water can be used for irrigation providing there is no adverse effect on other 
users, 

The riparian doctrine, strictly interpreted, is not compatible with irrigation. 
It is very difficult, therefore, to visualize a real large-scale expansion of 
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irrigation farming in the Eastern states until each state spells out and clarifies 
the rights that irrigators have to the use of water for the irrigation of farm 
crops, 

The problems confronted in the development of irrigation in the humid 
Eastern states is twofold. On the one hand are the needs for proper design of 
irrigation systems and their proper operation. On the other are the needs for 
the development of water laws that are compatible with the needs of irrigation 
—and, incidentally, compatible with the growing needs for water by industry 
and municipalities. The Nation’s engineers have a major part to play in the 
solution of both types of problems. 
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